Among ophiuroid families with vitellaria larvae (Type II development), the Ophiodermatidae is a widespread tropical family, with one genus in the Atlantic and several genera in the Indo-Pacific (HENDLER et al. 1995) . However, descriptions of development are available for few species (CISTERNAS & BYRNE 2005) .
Most of the species of this family, present an annual reproduction with a single spawning event, like Ophioderma apressum (Say, 1825) (HENDLER 1991) and O. brevispinum (Say, 1825) (HENDLER & TYLER 1986 ). However, species with a continuous reproductive cycle are not frequent in this family. Ophioderma januarii Lütken, 1856 is a robust species, commonly found above 120 m depth, inhabiting sand and mud bottons, in the Southern Brazilian coast (BORGES & AMARAL 2005) . There is little information about its reproduction, only a reference to the presence of mature gonads in the bursa during several months (TOMMASI 1970) , which would imply in a continuous reproductive pattern. So far, the reproductive state of this species remains unknown, since no histological investigation was made. Herein, we report on first study of the gametogenic cycle of O. januarii, by means of histological analysis over one year of gametogenesis, with the purpose of a critica1 examination on whether this species has seasonal reproduction.
MATERIAL AND METHODS
The specimens of O. januarii (Figs 1 and 2) were collected monthly, from February 2001 to December 2002, during the program "Biodiversidade Bêntica Marinha no Estado de São Paulo -BIOTA/FAPESP-Bentos Marinho", from depths between five and 50 m, with a rectangular dredge and a bottom net, off the northern coast of the state of São Paulo, Brazil. The specimens used in this study were sampled in stations between 23º23'18"-23º58'10"S and 44º11'42"-45º30'48"W ( Fig. 3) .
Because of the small numbers of individuals for each sample, the data was grouped seasonally (spring, summer, autumn and winter). A total of 101 specimens of O. januarii were sampled, but only 88 analyzed due to a better conservation state. The disc diameter of each individual was measured with a digital caliper to the nearest 0.01 mm.
Specimens were dissected and their gonads (Figs 4 and 5) were removed and the fixation method employed (70% ethanol). Although the 70% ethanol is not the appropriated method for histological procedures of the tissues, there was no other options since the animals were already fixed in that solution when this gametogenic study was initiated.
The tissues were dehydrated in graded ethanol, and then infiltrated and embedded in glycol-methacrylate resin. The specimens were serially sectioned to 3-5 µm thickness with glass knives in a microtome. Sections were stained with toluidine blue and later analyzed by light microscopy and photographed. To generate the oocyte diameter frequency plots, 30 oocytes with a nucleus and nucleolus of each female were measured. Identification of gametogenic stages in both sexes was based on the work of SELVAKUMARASWAMY & BYRNE (1995) . Documentation of oogenesis was based on the oocyte diameter and its staining properties, according to the works of BYRNE (1991), SELVAKUMARAS- WAMY & BYRNE (1995), and STEWART & MLADENOV (1995) .
Analyses of seasonal variation in the size of the species were test via ANOVA.
RESULTS
Eighty-eight individuals were analyzed, 45 female, 42 males, and one hermaphrodite. Eleven specimens could not be sexed because they either lacked gonads or were in an initial development stage (indeterminate). Two had their gonads damaged during the process of drying for image capture. Ophioderma januarii had disc diameters between 7.38 mm and 25.7 mm with an annual mean ± standard error of 15.22 mm ± 4.49. No significant seasonal differences were observed between the ophiuroid sizes (F = 61.05, p > 0.05). Thus, there was a tendency to larger individuals occurring in spring and summer (mean ± standard error: 17.57 mm ± 5.35 and 16.26 mm ± 5.23, respectively) while small specimens were more frequent in the autumn and winter months (mean ± standard error: 13.81 mm ± 3.77 and 13.62 mm ± 2.55, respectively). However, Individuals lacking or with inconspicuous gonads were generally in the small size classes (disc diameters between 8.01 and 11.0 mm) ( Fig. 6 ). There is a predominance of individuals with growing gonads from 11.01 mm and mature individuals from 10.01 mm, enhancing its occurrence in higher size classes, mainly between 23.01 and 25.0 mm.
For both sexes of O. januarii, five different gonadal stages in the gametogenic cycle were observed: 1) recovering, 2) growing, 3) mature, 4) partly spawned, and 5) empty (Figs 7-22 ).
Female
The specimens had a disc diameter between 8.65 and 25.4 mm (mean ± standard error: 15.7 ± 4.13). Approximately 30 oocytes from each female were measured (total number of oocyte: 883). Four categories were established, based on the applicable literature (BYRNE 1991 , SELVAKUMARASWAMY & BYRNE 1995 : 1) pre-vitellogenic oocytes, with diameter up to 75 µm (mean ± standard error = 56.27 ± 13.11); 2) early-vitellogenic oocytes, diameter between 75 and 150 µm (mean ± standard error = 106.79 ± 20.39); 3) mid-vitellogenic oocytes, diameter between 150 and 300 µm (mean ± standard error = 227.95 ± 45.35); and 4) late-vitellogenic oocytes, completely filled with yolk and with diameter larger than 300 mm (mean ± standard error = 353.31 ± 37.39). The largest oocyte had a diameter of 489.91 µm and 19 showed diameters higher than 400 µm. Based on these data, the following gonadal maturation stages were identified: I) Recovering: observed after the spawning. Composed of preand a few early-vitellogenic oocytes (Figs 7 and 8) . The gonoduct and the lumen, filled with an unidentified substance, can be observed. II) Growing: early-and mid-vitellogenic oocytes predominating. Those that contained some late-vitellogenic oocytes, probably in an intermediate stage between the grow-ing and mature stages, were included in this classification (Figs 9 and 10). III) Mature: ovaries with predominance of latevitellogenic oocytes (> 300 µm). Other categories of oocytes can also be observed, however in small numbers (Figs 11 and 12) . IV) Partly spawned: empty spaces in the gonad lumen. Some late-, early-, and mid-vitellogenic oocytes still present ( Fig. 13 ). V) Empty: shrunken appearance with few pre-vitellogenic oocytes. It is difficult to observe this stage, which was recorded for the majority of females in autumn and for one female in summer ( Fig. 14) .
Male
In the testes sections, mature and immature cells were present together. Spermatogenesis was divided into the same gonadal maturation stages as the females: I) Recovering: small testes with spermatogonia in the peripheral region. Some spermatozoa were observed in the lumen. Individuals in this stage were found only in winter and spring (Figs 15 and 16) . II) Growing: large numbers of spermatogonia adhered to the germinal epithelium. Spermatozoa columns in the initial development phase can be observed (Figs 17 and 18 ). III) Mature: large number of densely packed spermatozoa, fully occupying the testis lumen. Spermatogonia in the peripheral region, but in low numbers (Figs 19 and 20) . IV) Partly spawned: some spermatozoa present, but with empty spaces in the testis, indicating the beginning of a spawning event (Fig. 21 ). V) Empty: testes are reduced, with only a few spermatogonia and spermatozoa. This stage was observed only in spring ( Fig. 22) . 
Oogenic cycle
During the spring, a large number (80%) of females with growing gonads were present (Fig. 23 ). The analyses of the histological sections showed that the majority of females were in an advanced developmental stage, almost reaching maturity. However, because of the presence of pre-and early-vitellogenic oocytes, such gonads could not be considered completely mature. This result is compatible with the oocyte diameter frequency (Figs 25 to 28), because of the high percentage of early-(75-150 µm), mid-(150-300 µm), and late-vitellogenic oocytes (> 300 µm) in spring, showing the predominance of the growing stage.
Consequently, a high percentage of females would be reaching maturity in the warmer months of the year, in the spring and summer. In summer, only three females were sampled, two of which had growing gonads and one had an empty ovary (Fig. 23) , which caused some difficulties in the data interpretation. The end of summer might mark the beginning of the reproductive period.
In the autumn and winter there were females in different gametogenic stages (Fig. 23) , with a relative predominance of growing and mature stages. The results from the oocyte size frequencies (Figs 25-28) indicated high numbers of previtellogenic oocytes during autumn and winter, although the other oocyte categories were also present. Partly spawned and empty gonads were uncommon in the population, suggesting that in winter only a small proportion of individuals are spawning. Thus, besides the continuous occurrence of different sizes of oocytes during the entire year, i.e., a pattern of continuous reproduction, there is a period of more intense reproductive activity in the warmer months (Spring and Summer). 
Spermatogenic cycle
Mature males were recorded year-round, especially in spring and summer (Fig. 24) . The frequency of males with growing testes was very low at those seasons, and gradually increased in autumn and winter, when the number of animals in mature stages declined. Individuals with partly spawned gonads were observed year-round, especially in spring and autumn, indicating the continuous presence of active spermatozoa. Males with recovering gonads were only observed in winter and early spring.
These results are very similar to those found for females, in which reproduction occurred all year long, increasing in the warmer months of spring and summer.
DISCUSSION
The reproductive cycle of an organism is composed of gamete-developing and growing stages, alternating with spawning periods. The gonad maturity index, based on histological observations, is one of the most reliable methods to evaluate the reproductive stage of a population (MORGAN & JANGOUX 2002) . This method allows comparisons between different populations and the determination of the principal periods of its gametogenic cycle. However, it is essential that the analyses be done in conjunction with that of oocyte diameter frequency, in order to better understand the reproductive process (SELVAKUMARASWAMY & BYRNE 1995) . These methods were used in the present work, and proved to be very efficient in determining the reproductive pattern of this species.
The present study found that mature individuals of O. januarii were present during the entire year, which implies continuous reproduction. TOMMASI (1970) , referring to the species at Santos, São Sebastião, and Ubatuba, Brazil, mentioned the possibility of gonadal maturity in March, July, and early August (Tab. I). Ana M.G. Monteiro (Universidade Estadual Paulista, pers. comm.) , analyzing individuals from Ubatuba, observed the presence of mature gonads in February, May, September, November, and December, which suggests a longer and continuous reproductive period (Tab. I). Both authors analyzed only the presence or absence of mature gonads in the bursae of O. januarii, with no other approach in histological techniques for this species in Brazil. In the present work, the small samples, especially in summer, could not be sufficient to one assume a continuous reproduction. However, this is the third time that mature individuals were observed in this period for the species and besides the low number of individuals we still can not discard the possibility of a continuous gametogenic cycle for O. januarii.
According to HENDLER (1991), some tropical ophiuroids have a short spawning period (O. apressum and O. brevicaudum Lütken, 1856) (Tab. I); however, there seems to be a tendency toward longer reproductive periods in lower latitudes. HENDLER (1991) (Retzius, 1805) . The authors mentioned that differences in the reproductive pattern can be caused mainly by dissimilarities in the ambient temperature. O. brevispinum (Massachusetts) spawns in a one-month period, whereas O. longicaudum (Mediterranean) spawns for two months (July and August) (Tab. I), showing a tendency to extend gonadal growth and spawning stages in warmer waters (HENDLER & TYLER 1986) . With regard to the size of O. januarii, TOMMASI (1970) sampled specimens between 1.52 and 20.5 mm disc diameter; Ana M.G. Monteiro (pers. comm.) between 11.7 and 22.7 mm; and MONTEIRO et al. (1992) between 10.5 and 21.5 mm. In the present study, the size varied from 7.38 to 25.7 mm and contrary to what MONTEIRO et al. (1992) affirms, there was no significant relation between individual size and temperature. Small individuals registered in cold months for the present study are non-significant. The variation in the size of O. januarii does not indicate seasonality in the reproduction once mature individuals were observed during the entire study and also by TOMMASI (1970) and MONTEIRO et al. (1992) . These similarities observed for different 
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years also suggest that the continuous reproductive pattern is being maintained in the population. No study of the gametogenic cycle of this species was conducted during a longer period, i.e. more than one year, and it might be a useful approach.
Based on the measurements of the late-vitellogenic oocyte diameters in O. januarii (mean diameter 353.31 µm ± 37.39) and the relationship between the oocytes and pattern of development (HENDLER 1975 (HENDLER , 1991 , it can be concluded that this species, like others Ophiodermatidae, has lecithotrophic development (MCEDWARD & MINER 2001 , CISTERNAS & BYRNE 2005 . The presence of a huge oocyte (489 µm in diameter) in the gonads of O. januarii is uncommon for the Ophiodermatidae. HENDLER & TYLER (1986) reported that the largest oocyte of O. brevispinum measured had a diameter of 350 µm. In Ophioderma Müller & Troschel, 1842 there is a predominance of lecithotrophy, with many species having late-vitellogenic oocytes with diameters between 300 and 350 µm, a size indicative of this mode of development (HENDLER et al. 1995 , CISTERNAS & BYRNE 2005 Ophioderma januarii probably has a lecithotrophic larvae (vitellaria) and the discrepant size of its late vitelogenic oocytes may reflect a poor food resource area for the larvae. Hence, the species would produce larvae with a higher amount of yolk to reduce losses in the gamete investment. A more detailed survey in the food resources for the area where the juveniles and adults occur might bring evidence to support this hypothesis.
The definition of gametogenesis period and the mode of larval development should be made with care. Generalizations based on few observations and small number of individuals should always be treated with precaution. Indeed, partial information or even results from small samples had their usefulness and researchers have to analyze the data in the appropriate form. The present work made a generalization for the reproductive pattern of Ophioderma januarii, however comparisons with other species were made (Tab. I) and problematic points, specially with the small number of individuals, were issued. Also, suggestions for improvement in future works were appointed. For the present species the continuous reproduction was only established after a careful bibliographic research. We observed that other authors noted some patterns of seasonality in the number of mature individuals that agreed with our findings. Although the number of individuals is small, especially during the summer samples, we still were able to assume that O. januarii is a continuous reproductive ophiuroid.
In conclusion, Ophioderma januarii reproduces year-round, with an increase in gametogenic activity in summer. The egg size indicates lecithotrophic development, and recruitment must occur in late summer. The species is reproductively active from 9 mm of disc diameter, with gonochoric reproduction. The mean size varies seasonally, with larger individuals predominating in spring and summer, and smaller ones in other seasons.
